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AB3STRACT

A groun of elevg explosive materials in powder and pellet form
were subjected to Co gamna radiation and the results are tabulated
and diacussed. The explosives were studied using weight loss, dimen-
sivnal change, vacuum stability, DTA, TGA, infrared spectra, melting
point, lmpact sensitivity, explosion temperature and rates of deto-
nation as a gunction of total gamma cxposure up to and including
levels of 10°R. Based ¢n this work, a damage threshold as a function
of total gamma dose was determined for each material. The results
1ng6cate that the capability of the explosives studied to withstand
Co~ gamma radiation decreases in the following order:

TACOT > 1ATB > DATB > HMX > Tetryl > TNB > INT > RDX > PETIN >

> .
NGu BaN6
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INTRODUCTION

e

, From 1966 to 1971 & program was conducted at Picatinny Arsenal

to investigate and determine the effects of gamma radiation on aeveral
E explosive materialas. The purpose of the program was to determinme the
capability of the explosive materials to withstand an ionizing radia-
tion environment and to determine their radiation exposure liwmits.
This program was conducted in conjunction with an Air Force program
studying the effects of gamua radfation on selected fluoroexplosives.
This program also was an outgrowth of a similar study in which a large
number of reactive materials were subjected to a nuclear reactor ra-
diation environment in order to determine their radiation resistance.?’?

Cda L S Y

The following explosives were studiled:

1. BaN6 (barium azide)

2. DATB (diaminotrinitrobenzene)

3. HMX (cyclotetramethylenetetranitramine)
4. NGu (nitroguanidine)

5. PETN (penetaerythritol tetranitrate)

6. RDX (cyclotrimethylenetrinitramine)

7. TACOT (tetranitrodibenzotetraazopentalene)
8. TATB (tciaminotrinitrobenzene)

9. Tetryl (trinitrophenylethylnitramine)
10. TNB {1,3,5 trinitrobenzene)

11. TNT (2,4,6 trinitrotoluene)
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RADIATION ENVIRONMENT

The effects of gamma radiation on the explosive materiale were
studicd using Co  radiation consisting of 1.173 Mev and 1.332 Mev
gamma rays. Since these two groups are emitted in equal quantities,
the energy is usually reported as 1.25 Mev, the average. 3Because the
gamma ray energy is in the intermediate energy range, the major ra-
diation damage to tke organic materials studied in this program was
induced by lonization caused by the predominant Coapton effect.

The 10,000 curie Co60 radiation source used is located at
Picatinny Arsenal. The radiation Intensities were deterained by tche
LiF thermoluminescent dosimgtry method. The dese rates in this stuady
ranged from 6.4 to 9.2 x 10” R/hr wnile the total exposures vers from

10'R to over 109R. In this report, the unit chosen to expreas the

exposure 1s the roentgen (R). The energy conversion factor for ab~
gorbed dose are:

1R (of dry alr) = 87.7 ergs (absorbed)/g (C)

1.14R = 100 ergs/g (C) = 1 rad
EXPERIMENTAL PROCEDURE

The irradiated explosive materials were in two forms: powder
(granular) and pellets pressed from the powder. The cylindrical

peliets, pressed without bLinders, were 1/2-inch thick and about
3/4-inch long.

For irradiating the explosive powders, about 1,5 grams oi ex-
plogive were placed in a guartz vial {50 mw iong, 9 mm I.D, and 1 um
wall thickness) and four vials were placed in a 12--inch long aluminum
tube with a 1/2-inch 0.D. and a 0.22-inch wall thickness, Th.e vials
were centered in the tube by means of a 3/8-inch diameter aluminum
or glass rod. The bottom of the tube was closed by using glass wocl
as a plug. This assembly was then incerted into a stainless steel
contalnment capsule. This capsule was constructed from 1 1/2-inch-
diameter, 12-inch-long No. 316 stainless steel pipe with a 0.145-~inch
wall. The bottom end of the capaule was closed by a welded ataialess
steel pipe end cap. The top section which is welded to the pipe con-
sists of an adapter with a threaded hole into which a 3/4-iuch Q..
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threaded stainless steel plug is screwed. The plug wae reamed out

80 that when the aluminum tuve with the powder samples 18 inserted
into the capsule, the screwing-in of the plug sutomatically centers
the tube. Figure 1 illustrates the containment capsule, the aluminum
tube, and the quartc vials with powder prior to aesembly. The over-
all length of the capsule 1s 14 inches.

The purpose of tgs capsule was to Serve as a containment vessel
to ensure that the Co  source would not be damaged in any way if any
of the explosive detonated daring irradiation. This capsule had been
tested to contain a detonation produced by 20 grams of preased A, !

To irradiate the 1/2-iuch diameter pellets a 5/8-inch 0.D. slumi-
num tube with a 0.035-inch wall was used. In this 12-inch tube, seven
pellets were placed, the height being governed by a 1/2-inch diameter
glass or aluminum rod, This in turn was kept in place by a glass wool
Plug at the bottom of the aluminum tube. Becsuse the amount of ex-
plosive used was larger, the contalnment capsuie for the pellets had
to be thicker walled than the capsule for the explosive powder, Thus,
while otherwise similar to the powder-coutaining capsule, the capsule
for the explosive pellets was designed to have 0,200-inch-thick walls
instead of the 0.145-inch walls used for the powder-comntaining capsule.
This capsule had been tested to coatain the detonation produced by
S0 grams of pressed HMX.! These capsules have been used for gemma
irradiations and aiso as shipping coniainers for explosive materials
for the past seven vears without any incidents.

The effects of radiation on the lieted explosives were determined
by measuring changes in the physical, chemlcal and explosive charac-
teristics of these compounds before and after irradiation using a
variety of standard laboratory tests:

a. Thermal Stability

1. Vacuum stability

2. Welght loss and dimensional charge

3. Differential thermal analyses (DTA)

4. Thermogravimetric analysis (TGA)
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FIGURE 1

o ageme mries g

Containment Capsule Assembly for Gamma
Irradiation of Explosive Powder Sample
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b. Purity
1. Meiting points and color chauge
2. Infrared spectra (IK)
c. Sensitivity
1. Impac’
2. Explosive temperature
d. Explosive performance
1. Detonation velocity
The majority of the measurements of the phveicsal, chemical and
explosive properties of the irradiated explosives were obtained goon
after irradiation, norwally within houre after removal from the
radiation chamber. Moat of the values of the conirol samples (un-
irradiated materials) were determined during the period when the ir-
rudiated explosives were in the radiation chawber. Other data in the
open literature was alsd uscd for compariser purposes. In other
instances some of the tests were repested after a time interval to
confirm if all of the changes noted were permanent. The kinetics in-
volved with the chapges were not determined.

a. Thermal Stability

The effect of gamma radisation om the thermal stabilivy of the
explogsives under atudy was determined from results of the vacuum
atability tests, weight loss measurements on powder and pellet samplec,
differential thermal analyses (DTA) and thermogravimetric enalyses
(LGA) .

1. VYacuum Stability

The vacuum stability teat (VST) reaults of thz explosives
studied were cbtained at 100°, 120° and 200°C. At 200°C the test was
conducted with a 0.2 gram aample and the volunes of gas evolved was
measured after a 2 hour interval. At the other temperatures the sample
size was 1 gram and the gas evolved was mcasured after 40 hours. The
VST results are listed in Table 1.
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2. VWeight Loss Measuremerts

B e i o Y

The explosive powder samples were weighed in the quarte
. vials while the pressed pellets wevre weighed directly. The dimensional
! measuremente were made within + 0.0005 inch. The densitiss of the ex-
plosive pellets were determined from weight and dimensional dsta. The
dimensional changes due to the effects of total gamma duose in the ex-
: ' plosive pellete are shown in Table 2. The weight losses of the explo-
: gives in powder form as a function of total gamma dose are shown in
: Figure 2 while the weight lomses of the explosives in pellet form are
; gshown ia Figure 3.

3. Differentiaml Thermal Analysis (DTA)

The DTA studies were conducted using a duPont 900 Differ-

ential Thermal Analyzer at a heating rate of 20°C/minute while in a
f nitrogen atmosphere. In this thermal study the tewperature differen-
tial betweern. the material under investigstion and a thermally inert
reference gsample was measured. The onset and peak values in the endo-
therms and exotherms were recorded. Comparisuns were made with the
same values obtained in the thermograms for the irradiated explosives.
The unirradiated material ias referred to as the standard or control
gample and comparisons were made &8 a function of the total gemma
dnge. The reauita are liasted in Table 3 and the DTA thermograms for
each of the explosives are depicted in Figures 4 through 14. 1In these
figures the peak values in the endotherms and exotherms are annotated.

4. Thermogravimecric Analyses (TGA)

Another thermal pasrameter which was measured as a function
of temperature was the change in mass. The volitizetion of a substance
can be followed by the stan‘ard non-isothermal thermogravimetric method.
By this procedure decomposition +hich results in gaseous products is
detected, and a quantitative measure of the amount and rate of decom-
position at esch temperature. The TGA thermograms are sufficlently
reproducible to permit the determination of the temperature-stability
ranges of the explosive materials. The thermogravimetric studies were
performed with the duPont 950 Thermal Gravin:tric Analyzer (TGA) which
ie an attachment to the duPont 900 DTA. 1In this study, normally a
20°C/min. heating rate (which was the rate used in the DTA studies)
war used, and the temperature at which a 10¥ weight loss occurred was
recorded. Also for several of the explosives other heating rates
(10°C/min., 50°C/min. and 80°C/min.) were used and the temperature
was noted in which the total or maximum weight loss was belleved to
have occurred. The results obtained as a funciion of total dose are
listed in Table 4.
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b, Purity

1. Melting Points and Color Chauge

The melting points were obtained to determine the changes
caused by ionizing radiation in the purity of each explosive material.
Also from a visual point the color changes wecre noted for each dosage.
The results are given in Table 5. As can be expected the principal
effect on practically all the explosives was to lower their melting

points. This can also be compared to the endotherms in the DTA
thermograms.

2. Infrared Spectra (IR)

Infrared absorption can be used for the identification of
a pure compound and for the detection of significant changes in the
molecular structure of a compound which has been subjected to a par-
ticular environment. Usually these changes are indicated by the dis-
appearance or appearance of bands, or a combination of both. The de-
tection of these changes usually depends on the nature of the reaction
product orx impurity and its concentration, which usually must be
greater than one percent.

The infiared {IR) specira for cthe expiosives were ob-
tained by the KBr (potassium bromide) pellet technique before and
after irradiation. The spectrum of the irradiated sample compared
to that of the control. The IR spectra of all the explosives except
BaN, did not indicate any significant changee when compared to the

control IR spectra. The changes in BaN6 are shown in Figure 15 which
will be discussed later.

¢c. Sensitivity

To determine the effects of gamma radiation on the sensitivity
characteristics of the explosiven studied, the teaste gelected were the

impact sensitivity test (mechanical stimulus) and the explosion temper-~
ature test (thermal sensitivity).

1. Impact Sensitivity

To measure the sensitivity of an explosive sample to
mechanical impact, the Picatinny Arsenal impact machine was uged.
With a 2 kg dropweight the height of fall in inches which produces
explosions in 50% of the samples tested is the reported impact sensi-
tivity index. The procedure used to determine the 50% point was the
Bruceton up—-and-down method.
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TABLE 5

EFFECT OF GAMMA RADIATION ON THE ME VG
POINT AND COLOR OF EXPLOSIVES

Melting

Total Dose Point
Explogive R_ °Cc Color
BaN6 0 7 201.5 White

1.4 x 108 205.5 White

1.2 x 109 — White

1.0 x 10 - White
DATBR 0 v 283.5 Yellow

1.5 x 108 283.5 Yellow Green

1.3 x 109 282.5 Green

1.2 x 109 281.5 Dark Brown

4.0 x 10 Purplieh Brown
HMX 0 7 273.5 White

1.3 x 108 271.0 White

1.1 x 109 271.0 White

1.0 x 10 255 Dec. White
NGu 0 7 239 White

1.3 x 108 237 Off White

1.1 x 109 . 232 Yellowish White

1.0 x 10 White
PETN 0 7 141.5 White

1.0 x 107 141.5 White

9.0 x 10 9 136 White

1.06 x 10 White Paste
RDYX 0 3 1%97.5 Wiite

1.0 x 107 158 White

9.0 x 10 9 203 ¥White

1.06 x 10 191 Dec. White Paste
TACOT 390 Dec. Red Orange

; 390 Dec. Red Orange

9 388 Dec. Brownish Oracge

9 378 Dec. Reddish Dark Brown
Maroon Dark Brown

34

Exploded @ 260
No Reaction @ 290




o s T

TABLE 5 (Continued)

Melting
) Total Dose Point
Explosive R _°c Color
TATB 0 ] 400 Dec. Yellow
1.0 x 107 400 Dec. Yellow Green
3.0 x 108 40O Dec. Green
3 7.4 x 109 400 Dec. Dark Green
1 2.8 x 10 400 Dec. Blackish Green
Tetryl 0 7 129 Yellow
é 1.4 x 108 129 Dark Yellow
v 1.2 x 109 128 Brownish Yellow
; 1.0 x 10 Brownish Yellow
E TNB 0 7 120 Pale Yellow
¥ 1.5 x 108 120 Yellow
N 1.3 x 109 120 Yellow
% 1.0 x 10 113 Brown
t TNT o 5 81.5 Light Yellow
' 1.0x 108 80.5 Yellow
! 1.0 x 10, 78.5 Dark Yellow
b 1.0 x 10° Brownish Yellow




!’AVNEN?IH MICRONS Ve
8 %10 12 ll Il 22 35’0
I

. i
5500 3000 2500 2000 1700 1400
[ PREQUENCY (CM)
VELENG mCHos
1 23 3 4 ‘3" " om 7 "% 214 1822 3850

L i W e e R A I o
.0 __r S SN ]'-.__._4., - Sy

§‘Y/£
E

=T .
=
0 T I T

ERERERES 1
So0 3300 3000 e —tee
FREQUENCY ICM™;

\lNEm mck
23 3 4 WAVE 0 lz ll IIH 3550
A [l

| Y
—— ._._.__.1 L = .|m

l“
3 R

‘hk

3500 3000 mo :ooo lroo 1400
FREQUENCY (M)

FIGURE 15 1Infrared Spectre for BaN_ Before and
After Gamma Radiation




e 1

The Bruceton 502 fire values for the control and frra-
diated explosives are listed in Table 6, The gamma radiation did not
affect the impact sensitivity of all the explosives the same way.

Some explosives showed an increase, some a8 decrease and othera essen-
tially no change in sensitivity. However, in every case at the upper-
most dose levels the ''go" values did not sound as powerful as those
for the control samples.

2, Explosion Temperature

The explosion temperature test is used as a means of de-
termining the the:mal sensitivity cf an explosive material. By this
method the time to explosion for a given temperature is determined
for an explosive. The relationship for explosive materials between
the time to explosion and the temperature T is expressed by the
expression:

t = Ae Ea/RT ¢))

where E_ 18 the activation energy in kcal/mole, A is a constant de-
pendentaon the geometry of the experiment and the composition or the
explusive, T is the explosion temperature in °K, and R is the univer-
sal gas constant. In logarithmic form this equation {is

In t = 1n A + Ea/RI (2)

In the plot of 1ln t vs T_l, the slope of the straight
line obtained is equal to E /RI permitting the determination of E
which, in reality, is only an apparent activation energy since thé
entire explosive is not subjected simultaneously to isothermal heat-
ing. The confined or closed method of obtaining the explosion tempera~
ture curves was first proposed by Henkin and McGill* and modified by
Zinn and Rogers® and others®’?. Figures 16 through 26 display the
explosionr temperature curves for all of the explosives before and
after irradiarion. The annarent activation energies were obtained
from the slope of each curve which was aetermined by the least square
method, These are listed with the S5-second explosion temperature for
each explosive in Table 7. The effect of total gamma dose on the 5-
second explosion temperature for each explosive is shown in Figure 27.

d. Detonation Velocity

The rates of detonation were measured by the pin machine
technique. The method utilizes fonization-operated pin switches
located along the rate stick (explosive charge) at known distances.
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TABLE 6

IMPACT SENSITIVITY DATA FOR IRRADIATED EXPLOSIVES
~ 502 FIRE HEIGHT IN INCHES BY BRUCETON METHOD -

Total Co6o -
Ezglpaive GCamma Dose-R X-Mean-Inches o-Std. Dev.-quggg
BaN6 0 7 11.22 1.30
1.4 x 108 7.03 5.18
1.2 x 109 11.42 1.67
1.0 x 10 36+ (a) ——
DATB 0 7 20.64(b) 6.20
1.5 x 108 19,00 1,26
1.3 x 109 17.80 1.99
1.2 x 10 13,50 1.51
HMX 0 7 14.04 1.04
1.3 x 108 11.04 1.44
1.1 x 109 8.96 2,57
1.0 x 10 9.96 2.40
NGu 0 7 27.78 2.22 -
1.3 x 108 20.70 2,21
1.1 x 109 24 .83 1.49
1.0 x 10 36+ (a) -
PETN o . 9.23 4.47 ;'
1.0 x 107 7.69 3.28 i
9.0 x 109 7.56 7.45
1.0 x 10 (c) -
RDX c . 1475 5.806
1.0 x 10; 14.30 0.63
9.0 x 109 11.50 0.76
1.0 x 10 (e) -
TACOQT 0 7 12.0 1.86
1.4 x 108 12.5 1.34
1.2 x 109 12.32 1,25
1.1 x 10 11.83 2.28
TATB 0 7 22.16 3.19
1.0 x 10 17.6 1.28 :
9.0 x 108 18.39 0.93 .
7.4 x 10 17.1 3.12
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TABLE 6 (Continued)

Explosive Gemma Doge-R X-Mean-Inches O-5STD. Dev.-Inchee
Tetryi 0 7 17.3 0.96
1.4 x 104 16.2 0.81
1.2 x 10, 19.5 0.86
1.0 x 10 18.25 3.28
INB o 4 23.26 4,58
1.5 x 104 18.5 2.96
1.3 x 10, 20.5 1.89
1.0 x 10 32.5 4.15
INT 0o 4 25.5 7.48
1.0 x 104 26.5 8.41
1.0 x 109 - -
1.0 x 10 30.11 5.55

NOTES: 2 kg drop weight with Picatinny Arsenal impact apparatus -
room temp. 70°F - rel. um. 53%

(a) No detonation in 25 trials.
(b) All DATB data based on burned, no explosion,
(¢) Explosive became gummy during irradiation and stuck in vial.

39

Wae .



TABLE

7

EFFECT OF GAMMA RADIATION ON EXPLOSION TEMPERATURE

AND APPARENT ACTIVATION ENERGY CF EXPLOSIVES

Totel Dose
Explosive _R
BaN 0
6 1.2 x 10°
DATR 0 7
1.5 x 108
1.3 x 109
1.2 x 10
X 0 7
1.3 x 108
1.1 x 109
1.0 x 10
NGu (4] 7
1.3 x 108
1.1 x 10
PEIN (4] 7
9.0 x 10,
RDX 0 7
9.0 x 10
TACOT o
1.4 x 1oé
1.2 x 109
1.1 x 10
TATB 0 7
1.0x 107
9.0 x 108
7.4 x 10
Tetryl 0 8
1.2 x 10

5 Second
Explosion Temp.
°Cc

40

312
249

396
384
373
365

300
290
286
201

288
282
286

228
222

251
249

415
411
407
404

403
394
370
345

243
236

Apparent
Activation Energy
Kcal/Mole

26.32
18.85

14.44
17.83
15.95
17.74

14.45
16.36
23.50

6.10

17 .91
14.72
15.04

18.12
14.16

14.15
14 .61

-y
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TABLE 7 (Continuad)

5 Second Apparant

Total Doge Bxpiosion Temp, Activation Energy
Explosive R *C Kcal/Mole
INB 0 7 452 24,86

1.5 x 108 434 42.28

1.3 x 10 458 19.47
TNT 0 7 396 21.70

1.0 x 108 389 15.05

1.0 x 109 394 18.37

1.0 x 10 5 19.23
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The rate stick consisted of approximately eight 1/2~inch diamoter,
3/4-1nch long explosive pellets in a row and held together by end
plates. Each pin was made up of two 0,0003-inch strips of silver
foil placed between euch explosive increment with the foil ends
separated by a 1/16~-inch gap. A pair of five copper wires connected
each pin to the signal mixer circuit, a network of capacitors and
resistors. An array is shown in Figure 28. As the detongtion wave
passes through the explosive charge the electric pulses are picked
up on the master scope. The events are recorded on film and the rates
of detonation are computed from the explosive increment lengths and
the time mpasurement displacements on the film.

Figure 29 illuatratee the effects of 0060 gamma radiaticon on
the rates of detonation with the results listed in Table 8. The ir-
radiasted pellets were the samples used to determine the changes in
weight loss and dimensfions in Table 2. Since BaN, could not be deto-
nated, pellets of this material were not 1rradiatgd.

Since the densities and detonetion velocities were available
st the various irradiation levels the detonation pressure was upproxi-
sated by using the hydrodynamic relstionship

P=m=noDu (3)
which defines the detonation pressure P in terms of the loaded deusity

©, the detonation velocity D, and the particle velocity u, for atable
detonations. For solid C-H-N-O explosives the approximation

u-% (%)

has been found to be useful. Substituting (4) in (3)

P=%—p‘.}2 (5)

When p is expressed in g/cc and D in cm/usec, P 18 in units of wega-
tons. The valuea cbtained with (5) generally show good agreement to
within 10X of measured detonation pressures . The calculated detona-
tion pressures are listed in Table 8 while a plot of the detonation
pressure versus density 1s shown in Figure 30.
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Detonation Velocity Test Array
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FIGURE 28
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RESULTS AND DISCYUSSION

In evaluating the effects of Co60 ganma radi{ation on the explo-
sives studied in this program the changes in the properties of each
explosive were ficat examined as a function of total dose. The total
gamma radlation threshold was then determined. These threshold velues
were compared with each other so that a determination, or rather an
ordering, could be made of the exploaives which ind..cated the ability
to withstand gamma radiation.

Jomparisons also were made with results reported by other inves-
t atons.?’%’19:11 Thege will be noted beiow when the radiation-
induced changes are discussed for each material. The reactive mater-

ials are listed in the order of their ability to withstand gamma ra-
diation.

It should be pointed out with regard to the detonation rate tests
that the values obtained with the irradiated samples, based on their
total gamma doses, show that the detonation pressure is a linear func-
tion of the density. However, in this work it was not possible to
establieh clearly whether the obsarved changes in dets-ation velocity
and density were strictly a consequence of radiation or possibly a
consequence of a secondary thermal reaction caused by the gamma radia-
tion. The slopes of all the explosives were quite gimilar althcugh
for KDX and TNB they were based on only two dats pointa. It is to be
noted that detonation pressures, calculated from literatnre values of
rates of detonation and densities, fell fairly close to their respec~-
tive plopes in Figure 30. (This 18 for densities other than those
tested as controls.)

a. TACOT

This high~temperature heat-resistant explosive displayed ex-
cellent radiation~resist8nt characteristics in s gamma enviromment.
When exposed to 3.7 x 10°R TACOT easily passed the 200°C VST. In the
welght lgss measuremenis (Figure 2) the powder sample exposed to
1.2 x 10 R 1indicated a greater loss than the 1.1 x 10°R sample. It
is believed that some molsture was introduced to this sample and DATB
which caused the varying loss in weight. However, the pellets indi~

cated a very minimal change (>1%) to exposures up to 1.1 x 10°R,

The DTA theimograms for TACOT are shown in Figure 10. Most
of the control traces conducted at a heating rate of 20°C/min. re-
sulted in a detonation near the peak of the exctherm (398°C). The
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only trace that did not indicate a runaway reaction is shown as the
control trace in Figure 10. 1In order to obtain a complete trace con-
siscently the heating rate had to be reduced to 2.5°C/min. with the
onset of the exothorm at 340°C and the peak at 376°C. TACOT does not
exhibit an endotherm.

All of the irradiated samples of TACOT reasulted in a deto-
nation near the peak of the exotherm. Little change occur;ed until
the TACOT sample was exposed to levels of 1.1 and 3.7 x 10°R. The
exotherm &t both levels was shifted downwards resulting in detonations
at 385°C and 387°C, respectively. At the highest exposure the onget
of the exotherm began at 320°C.

TACCT displayed good therwmal stability accorging to the TGA
thermograms. The highest level of exposure (7.0 x 10°R) produced a
10% weight lgss temperature of 330°C. For exposures up to and includ-
ing 1.1 x 10°R the 10% value was not obtained since the material de-
flagrated at 406°C for the control samgle and 387°C fgr the irradiated
sample. The TACOT exposed to 3.7 x 10°R and 7.0 x 10°R detonated at
370°C and 355°C, respectively with the 10X weight loss temperatures
at 354°C and 330°C. At these two high exposures the effeci of gamma
radiation wes noticable on the themmal stability of TACOT since the
start of decomposition was 240°C and 180°C, respectively compared to
the control vslue of 350°C.

TACOT normally decosposes at 390°C in the melting poiat testg.
With an exposure of 1.1 x 10°R this material decomposes at 378°C and
turns from a red orange to a reddish-marocu dark brown. The IR spectra
did not show any changes due to the gamma exposure. The impact test
data shows piactically no,change in the 50% fire value when the meterial
is exposed up to 1.1 x 10"R (Table 6). Very consistent results were
obtained in the explosion temperature test where the 5-second explosion
tegperature was lowered only 411°C to 404°C with an exposure of 1.1 x
10°R. With very little change in the dimensione and weight of the
pellets as a function of _amma dose it was not surprising that little
change was noted in the detonation velocity tests (Figure 29).

b. TATB

TATB is another aromatic compound that seems to withstand
gampa radiation. Very acceptable resglts were obtained in the 200°C
VST with a sample exposed to 2.8 x 10°R. The dimensional and weight
loss measurements seem to parallel those for TACOY eud DATB at the
game exposure levels (>12).
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As with TACOT, TATB slsc does not exhibit an endotherm. The
DTA thermograus for TATB as shown in Figure 11 depict one exotherw.

For the contrel sampl? the peak o; tue endothgrm is at 384°Cgand for
exposures of 1.0 x 10'R, 2.0 x 10'R, 7.4 x 10°R and 2.8 x 0K the

peak shifted to 377°C, 372°C, 365°C and 363°C, respectively. As can
be seen the same effect was noted with the omset of the exotherm.

9 The TG4 results for TATB show that fovr exposures up to 7.0 x
10"R the 10% weight loss temperature decreased from 3331°C to 299°C.

A pigniffcant shift was noted at exposures o7 2.8 x 10°R and 7.0 x 107K,

The starr of decomposition was 125°C compared (o the control value of
285°C. For the latter exposures those samples detonated at 345%C and
342°C, respectively, while the other samples oxpesed vo levels up to
7.4 x 10°R decompogsed up to a 77% total welgh: Jogs zi 405°C. Resulte
for 19°C/min., 50°C/min., and 80°C/min. are listed in Tehle 4.

At all exposure levels TATH decomposzd in the melting point
test at 400°C while the color changed frou a btright yeliow to a dlack-
ish green. In the impact test data zithough the 50° fire pcint was
lowered from 22.16 inches, the irradiated 50% fire pcint scayed in
the tangg of 17-18 inches for the sampie exposed from 1.0 x 10¢ o
7.4 x 10°R. In the explosion temperature test an offect wis noted
in the 5-second explosion temperature which was lowered from & concrel
403°C to 245°C for an exposure of 7.4 x 1G°R. HKowever,. in the deto~
nation vslocity test, only a 1-2% reduction wae evident wirh the
1.1 x 10°R sample frem the contrel.

c. DATB

This high-temperature, heat-resistant exploaive was omne of the

materials studied which githatood exposure levels of gamma radietion
up to and above 1.2 x 10°R. In the 208“0 VST the gae evolvzd was less
than 1 cc for exposures up to 1.2 x AR aund 6.15 vc for 4.0 x 107K,
The welght loss for the irradliated pellecs was very gmall and conale-
tent with the vesulcs nbtained by Berberev for smualler pEIletﬂ.il

With the powder sample the weight loss pzneraliy was higher as a func-
tion of gose with the incousilstent velue for the sanple ewposed to

1,3 x 107R being attributed to wnfsture.

For DATB mino» ghifte weve uoted in t%e DTA therwograms for
exposures up to 1.3 x 10 gauwra. Iu the contyol sample (Figure 57
two exotherms were evident —- o minor eone nt 313°0 and the majer one
at 353°C. gome shifting of these ewothevwus occursed at exposurez up
to 1.3 x 10 R. However, at axposuwies of 1.2 % J0°R and 4.0 x 10°R
the minor exotherm aappuaved and the major {lerger) exothemn whified
to 349°C and 343°C, reapectivaly.
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The melting point endotherm also shifted downward from 282°C
to 276°C and finally to 273°C. As can be seen in Figure S, the small
engotherm at 227°C, which had lowered to 220°C at a level of 1.5 x
JQ R, gradually broedened as a tunction of dose. Actually at 4.0 x
10°R thet endotherm was relocated at 240°C where it had flatenasd out
until 1t wes just diecernable.

DATR displayed thermal Stability up to 272°C for a 10% weight
loss for an exposure of 4.0 x 10°R gamma. The TGA thermograms indi-
cated that at vhe highest exposure 82% of the sample had decomposed
sr 340°C while 96% of the control had decomposed at 345°C. TGA thermo-
gromus were obtaimed for DATB samples subjected to exposures up to 1.2 x
10°R at beating races of 10°C/min, 50°C/min, and 80°C/min. As expected,
experience has sbown that the values obtained at lower heating rates
ware lower and those at higher heating rates were higher when compared
to a4 heating rate guch as 20°C/min.

The welting point was only lowered 2°C for a total dose of
1.2 % 10°R although in the DTA trace the endotherm wns lowered almost
10°C. The color of the explosive darkened from a yellow to a dark,
purplish brown from the 2xposures. The impact test results did re-
veal a lowering of the 503 point as a function of gamma dose from a
control value of 20.64 o 13.50 inches for the highest exposure. The
S-~wecond explosion temperature value was reduced monotonically trom
396°C to 365°C ss a function of dose with 1i‘tle change in the appa-
rent activetion energy. With respect to performance, DATB displayed
=xcellent results since the effect on the detonation velocity was
minimal .

d. B

The results cbtained on HMX as a function of gamma dose strong-
1y indicate that the threshold irradiation level that HMX can withstand
is up o 1.0 x 108R. This is hcrne out by the results from the VST,
welght losa, DIA, TGA, meliting poini, S5-secund exploalon temperature
and the detonaiion velocity., The mgat indicative factor was the crumb-—
1ing of the pellets at the 1.1 x 1("R exposure level. For HMX, the
highest gamws dote exposure, from % .ich an acceptablg, although

warginal, 200°C Vs{ value was obtained, was 1,1 x 10°R.

The D14 thermograws of the control and irradiated samples
of B¢ in Figure 6 reveal that the peak _exotherm moved upwards to 293°C
from 286°C with au Sxposure of 1.1 ¥ 16'R but decreased to 270°C when
exposed to 1.0 x 107%. At 1.1 x 19 R a small exotherm appears with a
peak a2t 1797C and th&e alse flattened out at 172°C with the increaged

expogure at 1.0 u 107R gammaa.
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In the TGA reaults the 101 weight loss temperature of HMX
decreased from 282°g to 185°C as the gamna radiation dose was in-
creg3ed to 1.0 x 10°'R. A lower onset of decomposition also was noted,
This onset temperature wag decreesed from the control value of 250°C
to 105°C for the 1.0 x 10°R level. In the same range the temperature
at which the HMX detonated was lowered from 282°C to 252°C,

The neltigg peint value for HMX did not change significantly
until the 1.t ~ 10°R level where the material decomposed at 255°C.
HMX did BOt change in color. It rerwained white up to the level of
1.0 x 10°R,

The impact sensitivity data indicated that HMX becomes more
gensitive as a function of dose from a control 50% value of 14.04
inches to 8.96 inches when exposed to 1.1 x 10 R, Although not con-
sidered significant, an increase of 1 igch was recorded for the
material exposed to 4 level of 1.0 x 10"R., In the explorion tempera-
ture test the 5-second temperatyre decreased by 14°C to 286°C when
subjecteg to a dose of 1.1 x 10°R (Figure 18). However, ac the
1.0 x 10°R level rhe 5-second explosion temperature value was lowered
to 201°C — almost a 100°C reduction (Figures 18, 27). The same type
effect was noted in the apparent activation energy values (Table 7).
In the detonation velocity tesis a definite change of 4.5% was noted
in the density at the 1.3 x 10 R exposure level which reduced the
detonation velocicy from B620 to 8410 m/sec. The VST, DTA, weight
logs, melting point and imgact test data were in agreement with re-
sults obtained by Berberet}! and Urizar et all?, although the latter
subjected their samples to a combined neutron and gamma environment.

e. Tetryl

Tiis booster—tvpe sromaric compound produced some erratic
vesv :8 when subjscted co gromma radiation. With the VST only the

l.g x 10 R sample was able to pums the 120°C test while the 1.2 x

10°R sample £ailed. However, it did pass the 100°C test. This may
have been due to its melring poinnt. The weigzht loss meagurements

in powder agd pellet form increased cramatically from the 1.3 x 108R
to 1.0 x 10°R exposure level. !}

By the DT4 traces tetryl did not ghow much change gntil it
was subjected to an exposure over 1.2 x 10°R. At 1.05 x 10'R gamma
the melting point endotherm had widened and shifted from the control
temperature of 128°C o 117°C. Fiwm Figuze 12 it can be seen that
the tall mexioum exotherm at 220°C was redgced and broadened with
peaks at 195°C and 210°C for the 1.05 x 1R exposure level and
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164°C and 203°C for the 1.44 x 105R level. For the highest level
(1.44 x 10"R) the widened endotherm peaked at 109°C.

With the TGA trares the 1UZ weight loss temperxature of tetryl
could not be obtained since the samples had lost only 7-8% when de-—
flagration occurred. Tetxyl deflagrated in the range from 215°C to
212°C when subjected to gamma radiation up to 1.2 x 10°R. The oneet
of decompoeition was lowered from the congrol value of 180°C to 140°C
after being exposed to a dose of 1.2 x 10 R. The color changed from
yellow to a brownish yellow at the highest exposure. The ilmpact
test results, although within a small range (17-19 iyches), seem to
indicate an erratic behavior. Although the 1.2 x 10 R sample wag the
only irradiated tetryl subjected to the explosion temperature test,
the results were comparable with the contrel but for a decrease from
243°C to 23f°C in the 5-second value. In the detomation velocity
tests a density change djd not become evident until the sample had
been exposed to 1.3 x 10 R where it went from 1.65 to 1.62 g/cc.

However, at the 1.0 x 10°R level the density change was from 1.62 to

1.47 g/cc which lowered the detonation velocity from 7540 to 7010 m/sec.

t. TNB

Two aromatic explogives, TNB and TNT, selected for this pro-
gram, have telatively low melting points (120°C and 81.5°C, respec-—
tively). Of the two TNB displayed more resistance to gamma radiation.
TNB produced acceptsble results Iin both the 100°C aud 2C0°C tests al-
though the 1.0 x 10°R sample evelved almost three times gs much gas in
the 100°C tes*. as the 200°C test. Although the 1.0 x 10°R sample in
powder form did not produce mugh of a welght loss, the pellets were
all broken. Also the 1.0 x 10 R sample pellets crumbled upon contact
so that the detonation velocity tests could not be performed for these
two exposures. The weight loss valueas agree with the resulte by
Berberet.!?! :

TNB does not display any exotherms. Two endotherma character-
ize its DTA themmogram as shown in Figure 13. The control trace jn-
dicated a winor peak engatherm at 121°C and a majox ome at 353°C,

TINB was gubjected to Co  gamma rad%ation exposures ar follows:

1.5 x 10'R, 1.3 x 19R and 1.0 x 10"R. Due to the irradiations, e
first endotherm (121°C) shifted to 119°C, 120°C, and 112°C, respoe-
tively. The second endotherm_became a doublet with peaku at 3£7°C el
351°C with a dose of 1.5 x 10'R, stayed a doublet with peaks at 336°C
and 361°C at 1.3 x 10"R and returngd to a single endotherm locuted at
349°C with an exposure of 1.0 x 10°R.

[o))
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TGA thermograms were obtajred for TNR which had been ‘ub-
Jected to exposures up to 1.0 x 10°R gamma, The 10X weight lo »
temperature ranged from 218°C to 180°C for the irradiation noted.
H The traces also indicated that 95-971 of these samples were decomposed
at 285°C for the comtrol and 245°C for the sample which received
1.0 x 10°R. The reecults for TNB sempies heeted at 10°C/min, 50°C/
min, and 80°C/min. are listed in Table 4.

i The highest exposure, 1.0 x 109R, produced a color change
from pale yellow to browm and the melting point was lowered from 120°C
to 113°C. The 50% impact test results ch’nged from 23.26 inches for
the control down,to 18.5 forx the 1.4 x 10'R gample, back up to 20.5

fo§ the 1.2 x 10 R esample and then up further to 32.5 for the 1.0 x

i 10'R sample. The S5-second exposure teaperature shifted down from 452°C
to 434°C_for the 1.5 x 10 R sample and then back up to 458°C for the
1.3 x 1083 sample., This cannot be explained at this time. With the
detonation velocity reojults only the lowest radiation exposure was
tested and this did not produce any change.

g

[P -

g. INT

TINT has the lowest melting point of any explosive in this
study. The VST was conducted only at the 1go°c temperature and TNT
produced acceptahle vegulta at the 1.0 x 10°PR axposurce level. The
weight lose of the pellets, which showed a definite increase as a
function cf JQug::, agreed with the results by Berberet®! for exposure
up to 1.0 x MR, The DTA traces start showing def&nite changes at

the 1.0 x 10°R level which increase at the 1.0 x 10°R level,

The TNT DTA thermograms are depicted in Figure 1l4. The
control DTA trace indicates a peak endotherm at 81°C and a peak exo-
therm at 324°C, As a function of gamma r’diation both of these peaks
were lowered in temperature. At 1,0 x 10'R the endotgerm gtayed at
81°C while the exotherm peakad st 321°C. At 1.0 x 10°R the endo-~
therm became a doublet with peake at 78°C and 79°C while the peak
ofgthe exctherm was relocated at 315°C. At the highest dose, 1.0 x
10°R the endotherm widened almost from the start of the trace with
a peak at 71°C and the exotherm had shifted to 290°C.

9For TNT TGA thermograme were cbtained for exposures up to
1.0 x 10°R. The 10% weight loss temperaturs decreased from 190°C for
the control value to 173°C for the 1.0 x 10°R exposure. For the
control sample 99% of the material had decomposed at 250°C while for
the 1.0 x 10°R sample 867 of its weight was lost at 235°C.

66 o
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The impact data implies that TNT became lees sengitive as
& function of gamma dose going from & 50X value of 25.5 inchas to
30.11 inches for the 1.0 x 10'R level. The 5-second exploesiogy temper-
ature value did not change very much when exposed to 1.0 x 10°R but
at the 1,0 x 10°R level the value went from 396°C to 345°C. 1In the
detonation velocity test a slight change was evident &t the 1.8 x
J10°R level but a significant effect occurred with the 1.0 x 10°R
sample where the demsity of that material was lowered from 1.57 to
1.45 g/cc and the velocity was reduced from 6875 to 6375 m/sec.

h. DX

Compared to HMX, RDX was affected the most, based on the ex-
posures to which these materisls were subjected. ;n the VST the only
acceptable results were ottained with the 1.0 x 10 R eample and this-
was only with the 100°C test. In the weight losg measurementg the
RDX pellets which had been subjected to 1.0 x 10 R became very soft
and crumbled on contact, giving off a strong odor. Berberet!! and
Urizar!® reported the same type of results.

Figure 9 depicts the DTA thermograms for RDX. The control
DTA showed a double endotherm with peaks at 193°C and 197°C. When

exposed to 8 gamma dose ot 1.0 x 10°R one of the endotherms disap-
pegred with the other peaking at 194°C. At an exposure of 9.0 x
10'R the other endotherm reappeared at 184°C while the major endo-

them remained at 194°C. However, with a total dose of 1.06 x 10°R
the endotheru widened indicating only one peak at 190°C,

The TGA results obtainad for RDX ghowed some pronounced ef-
fects and they did not follow the same trend as HMX. The 10X weight
loss temperature for RDX was lowered drastically frog 230°C for the
control to 63°C for a R\'X sample exposed to 9.0 x 10'R gama, In
each case the material leflagrated or detonated at 240°C. TFor those
samples the start of decomposition occurred at 190°C and 38°C,
respectively, which indicated a significant change caused by the
gamma radiation.

The RDX exposed to 1,06 x 109R became a white paste and de-
composed at 191°C in the melting point test.2® The ’mpact test data
indicated an increase in sensitivity at the 9.0 x 10'R which does not
agree with Urizar!® at about the same level. The different type im-
pact test may be part of the answer. At the ssme exposure level the
5-second explosion temperature was reduced from 261°C to 249°C with
little change ig the slope. The detonation velocity was not affected
at the 1.0 x 10'R level but at the 1.0 x 10 R level the RDX pellets
were so fragile that the denrity and weight meagsurements were not

- s i e,
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nade, The pellets were assembled and a detonation velocity of
6935 m/sec was obtained which was a eignificant decrease,

i. PEIN :

PETN was the other aliphatic compound vesides NGu studied
in this program. Although the effect of gamma radiation was not as
drastic in the detonation velocity results as NGu, the resulrs still
indicated that the material undergoes a vexry significant change under
any amount of radiation. In the VST, PETN.could only pass the 100°C
test with the minimum exposure of 1.0 x 10'R. Both in the powder and
pellet form definite effects were noticeable in the weight loss me’s-
urements. The pellets swelied and the weight loss at the 9.0 x 10'R
level was the highast of any of the other explosive pellets (7.1X%).

In the DTA thermogra? for PETN the effects of gamma radia-

tion at levels up to 9.0 x 10'R as shown in Figure 8 were slight.
The peak exothern had not shifted and the peak endotherm had widened :
and moved from 143°C to 138°C. Although the DTA thermogram for the '
1.06 x 10°R sample was not perfectly horizontal, it did indicate that
the endotherm hiad disappeared and that two broad exotherms were evi-
dent at 163°C and 242°C.

The TGA traces for PETN subjected to levels up to 9.0 x 107R
aind the control sample indicated thet asbout 967 decomposition occurred
at 220°C. Although the 10% weight loss temperature reduced from 187°C
to 177°C, the important part is that the onset of decomposition did
decrease dras:ical’y from 160°C for the control sample to 70°C for
a doge of 9.0 x 10'R. When the samples were run at a heating rate of
50°C/min. the trend remained the same, but all of the sampled defla-
grated in the range from 219°C to 212°C.

The 9.0 x 10'r exposure produced a 5°C shift to a lower
temperature for the melting point and the 1.06 x 10°R sample was re-
duced to a white paste. The results for the VST and melting point
were consistent with those reported by Rosenwasser? and veviowed by
Kaufman® although the energy of the gamma radiation used in that
study was one-third of the gamma energy of the program. In addition
the weight loss results of Urizar et al'! at the integrated flux
level which included a 2 x 10" R gamma component werg in agreement with
the results at the corresponding expgsure. The impact test results
were erratic. Although the 9.0 x 10'R sample indicated only a reduc~
tion of 2 inches in the 506 fire point the standard deviation was
very large. The 1.06 x 10°R sample was not impact seated hecause it
was pasty and stuck in the vial. Only the 9.0 x 10'R sample was
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tegted in the explosion temperature test and the 5-second temparature
and the apparent activatjion energy indicated a downward trend. 1Inm
the detonation velocity tests the gignificant changes in the diamgter
and weight loss affected the detonation velocity for the 9.0 x 10'R
gample to be reduced from the contest 8845 n/sec to 7660 m/sec. All
the pellets irradiated at the 1.06 x 10°R level crumbled.

J. Nitroguanidine (NGu)

The aliphatic compound NGu did not display much resistance
to gamma rediation. The most drastic and permanen; effect vas shown
when the pellets irradiated to a level of 1.3 x 10 R would not deto-
nate in the detonation velocity test although only a 0.4% weight loss
was noted. In the VST data the material indicated acceptable results
in the 120°C test to exposures up to 1.1 x 1C'R.

Nitroguanidine was, irradiated at different levels up to a
total exposure of 1.44 x 10°R gamma, As can be seen in Figure 7 the
DTA thermograms indicate that peak exotherm starts from the melting
point endotherm &t 240°. Both the endotherm and exotherm are lowered
in temperature from the effects of gamma radiation. The peak exotherm
shifts frow the control temgerature at 249°C downward to 234°C for a
total exposure of 1.44 x 10°R. The endotherm not only shifts in the
rame direction from 240°C to 226°C but it also becomes shallower.

TGA thermograms were obtained on nitroguanidfne (NGu) samples
that had been subjected to total doses up to 1.1 x 10 R gamma. Both
control and irradiated samples deflagrated in the reuge from 249°C
to 244°C with the 10% weight loss temperature decresaaing from 248°C
to 231°C.

The melting point did not exhibit much of a change but
another effect that indicated substantial deaensitization was the
fact that in_ the impact test no fires were recorded at 36 inches for
the 1.0 » 10°R sample. In the exploslon tempersture test the,S5-aecoid
value did not show a major shift for exposures up to 1.1 x IOBR. ;his
also was reflected the apparent activation energy. At 1.0 x 10'R
and also at 1.0 x 10 R nitroguanidine (NGu) would not propagate when
tested,

k. Barium Azide

This inorganic azide, though a reactive material, is not a
true explosive. Of all the materials tested, this one was affected
the most by the gamma radiation. The VST results show that the
material deflagrated in the 200°C test at exposures as low aa

At




l.4 x 107R. When the test was rerun at I00°C for 40 hours an cxce‘;

sive gas evolution wes obtained for the sample exposed fo 1.2 x 10

The acceptable value at 100°C, when exposed to 1.0 x 10'R, is probably
explained by the comparable DTA and TGA therwograms. In the DTA the
large exotherms has practically diseppeared so the semple may have been
oenly a rosidue. Actually the IR spectra (Figure 15) indicated that the
material was decomposed and subsegquently reformed into a form of
barium carbonate. This was the only matarisal in uhﬁch the meliting
point increased with exposure and with the 1.2 x 10 R sample the
material axploded at 260°C. The impact test results were erratic but
the sample with the highest exposure did not indicate sny fires at

36 inches. A defin:te change was noted in the explosion temperature
results where a -63°C changg was noted in the 5-second temperature

for an exposure of 1.2 x 10°R. The impact teat resultes were erratic.
If the material had changed, these results are not surprising, S$ince
a detonation velocity could not be achieved, pellets wade from BaN
were not irradiated. However, ing powder form the weight loses for

BaN6 frcm an exposure of 1.4 x 108R was 4.5%.

According to the DTA traces, the effect of gamua radiation
on BaN, was significant. As seen in Figure 4 the peak of the exo-
therm at 210°C for the_control sample shifted to 152°C with a tg@tal
gamms dose of 1.4 x_10'R, then to 126°C with a dose of 1,2 x 10°R gnd

finally at 1.0 x 10’k a very small sharp peak was evident at 265°C.

The thermal stability of BaN_ was affected by the gamma ra- ;
diation. The 102 weight loss temperagure could pot be obtained for :
any control or jirra.diated ssmple at that heating rate. The start of g
the decomposition was lowered from th, control temperature of 193°C
to 143°C with an gxposure of 1.4 x 10'R apd further to 100°C for a
level of 1.2 x 10 R. These samples deflagrated at 133°C, 145°C end
125°C, respectively. The sample exposed to a level of 1.0 x 10°K
resembled a sample which displayed little reaction ~ actually only
9.5% weight losg had occurred up to 450°C. The DTA and TGA traces
of the 1.0 x 107R sample do resemble those for barium carbonate as
shown in the IR spectra.

The IR spectra for BaN6 indicated that definit? shifts had
occurred at gach increased exposure level from 1.4 x 10'K, 1.2 x 10
to 1.05 x 10°R. Changes in peaks and intensities are evident as a
function of gamma dose but the entlire spectre from control to the
material subjected to the highest expoaure indicated a change in the
material.g Comparing this to other IR spectra indicated that the
1.05 x 10°R BaN, became a form of barium carbonate. Tuils is not
surprising when it is realized that the aN, was irradiated in air
at room temperature for approximately 10 houra.
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The effects of gamsa radiation on the thermal stability, purity,
sengitivity and performance of several military explosivas have been
determined.

The followirg threshold limits were derived for damage as a
function of total gamma doae:

8. RDX.7PETN and NGu can withstand gamma radiation to a
level of 1.0 x 10 R.

b. HMX, tetryl, TNB and TNRT car withetand gamma rediation
é to a level of 1.0 x 10°R.

c. TACOS, TATB and DATB can withstand gamma radiation to a
level of 1.0 x 197R.

d._ BaN_ was not able to withstand a gamra radiation level
7 6
- of 1.4 x 10'R,
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